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(57) ABSTRACT 

A planar light source of the present invention has three lamps 
along a side face of a rectangular light guide plate. The lamps 
are arranged along an incidence plane which is one side plane 
of the light guide plate. The three lamps are arranged so as to 
be kept apart from each other at a given interval, and two 
lamps are arranged in close proximity to the incidence plane 
that is one side plane of the light guide plate. One lamp is 
arranged away from the incidence plane that is one side plane 
of the light guide plate with respect to the two lamps. A lamp 
reflector is formed continuously so as to become close to the 
three lamps and Surround the respective three lamps, and 
assumes a Substantially convex cross-sectional shape. 

4 Claims, 4 Drawing Sheets 

  



US 8,083,391 B2 U.S. Patent 

  



US 8,083,391 B2 Sheet 2 of 4 Dec. 27, 2011 U.S. Patent 

  





U.S. Patent Dec. 27, 2011 Sheet 4 of 4 US 8,083,391 B2 

FIG. 4 

RELATIONSHIPBETWEEN 
15 LAMP PITCH AND BRIGHTNESS 

1 O 

5 

1 2 3 4 5 6 7 8 9 10 11 12 

LAMPPITCH (mm) 



US 8,083,391 B2 
1. 

PLANAR LIGHT SOURCE AND DISPLAY 
DEVICE HAVING THE SAME 

This application claims priority from Japanese Patent 
Application No. 2006-311510 filed on Nov. 17, 2006, the 
entire subject matter of which is incorporated herein by ref 
CCC. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a planar light source of side 

light type in which lamps are arranged along side faces of a 
light guide plate, and particularly to a planar light source of 
side light type in which a plurality of lamps are arranged and 
a display device having the planar light source. 

2. Description of the Related Art 
In order to realize a high-brightness display device, there is 

recently disclosed a technique for enhancing the brightness of 
a planar display device disposed behind a display element by 
means of increasing the number of lamps. 

In a backlight device described in JP-A-6-230229 (pp. 2 to 
3, FIGS. 2 through 4), a light source 1 is placed in a number 
of three along each of mutually-opposing two sides of a light 
guide plate 4, thereby achieving high brightness. However, 
the light sources 1 arearranged in an overlapping manner, and 
the luminous efficiency of the light sources 1 is deteriorated 
by influence of the heat developing from the light sources 1, 
to thus raise a problem of a failure to achieve enhanced 
brightness. 

In a planar light source described in JP-A-9-259625 (pp. 2 
to 7, FIGS. 1 and 2), lamps 1 are fixed by means of a lamp 
reflector 3 by way of a rubber holder 2, thereby keeping the 
lamps 1 spaced apart from each other at a predetermined 
interval So as not to contact each other. 

In a backlight device described in JP-A-2003-197018 (pp. 
4 to 9, FIGS. 6 through 8), when a plurality of fluorescent 
tubes 23 are placed, the center fluorescent tube 23 becomes 
most heated. For this reason, the centerfluorescent tube 23 is 
displaced in proximity to a holder 27, thereby realizing a 
structure for efficiently transferring heat to the holder 27. 
However, Such a structure encounters a problem of variations 
in the longevities of the respective fluorescent tubes 27 as well 
as a problem of occurrence of variations in leakage currents 
from the fluorescent tubes 23 and a failure to attain brightness 
proportional to the number of tubes. 

SUMMARY OF THE INVENTION 

The present invention has been conceived to solve the 
problems, such as those mentioned above, by means of a 
planar light Source of side light type in which a plurality of 
lamps are disposed. In the light source, even when the number 
of lamps is increased, the lamps are maintained at an optimum 
temperature, to thus be retained in a state where high lumi 
nous efficiency is achieved. Hence, brightness can be 
enhanced. Moreover, the present invention aims at providing 
a planar light source which protects a display element posi 
tioned above the lamps from the influence of heat. 

There can also be acquired a planar light source capable of 
achieving desired brightness by preventing occurrence of 
variations in leakage currents from the lamps. Further, since 
the variations in leakage currents can be prevented, variations 
in the longevities of the lamps can also be diminished. 
A planar light source of the present invention is character 

ized by comprising: a light guide plate for guiding light to exit 
from an exit plane of the light guide plate; three lamps 
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2 
arranged along one side plane of the light guide plate; a lamp 
reflector which is formed so as to cover the three lamps and 
which guides light from the three lamps toward the one side 
plane of the light guide plate, wherein: the three lamps are 
arranged while being kept away from each other at a given 
interval; two lamps are arranged in close proximity to the one 
side plane of the light guide plate; one lamp is arranged away 
from the two lamps with reference to the one side plane of the 
light guide plate; the lamp reflector is continually formed so 
as to become close to the three lamps and Surround the respec 
tive three lamps; and the lamp reflector has a substantially 
convex cross-sectional shape. 

In the planar light source of the present invention, three 
lamps are arranged so as to be kept away from each other at a 
given interval; two lamps are arranged in close proximity to 
the one side plane of the light guide plate; one lamp is 
arranged away from the two lamps with reference to the one 
side plane of the light guide plate; and the lamp reflector is 
continually formed so as to become close to the three lamps, 
to Surround the respective three lamps, and to assume a Sub 
stantially convex cross-sectional shape. Since the lamps are 
maintained at an optimum temperature and high luminous 
efficiency can be kept, brightness can be enhanced. Moreover, 
there can be provided a planar light Source which protects a 
display element disposed on the planar light source from the 
influence of heat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of a display device 
according to an embodiment of the present embodiment; 

FIG. 2 is a cross-sectional view of the principal section of 
the display device shown in FIG. 1; 

FIG. 3 is a cross-sectional view of the principal section of 
the display device shown in FIG. 1; and 

FIG. 4 is a view showing a relationship between a lamp 
pitch and brightness in the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the configuration of a planar light 
source of the present invention will be described hereunderby 
reference to the drawings. Throughout the drawings, like 
reference numerals designate Substantially analogous con 
figurations. 

First Embodiment 

FIG. 1 is an exploded perspective view showing the essen 
tial configuration of an embodiment of a display device hav 
ing a planar light source according to the first embodiment of 
the present invention. FIGS. 2 and 3 are cross-sectional views 
of the principal section of the display device shown in FIG.1. 

In FIGS. 1 and 2, the planar light source of the first embodi 
ment has a plurality of lamps 2 along side Surfaces of a 
rectangular light guide plate 1. The lamps 2 are arranged in a 
number of three along a plane of incidence 1a (an incidence 
plane) that is one side plane of the light guide plate 1. A lamp 
reflector 3 is provided so as to cover the lamps 2 and reflects 
the light exited from the lamps 2 so as to travel toward the 
incidence plane 1a of the light guide plate 1. The light having 
entered the incidence plane 1a of the light guide plate 1 
propagates through the light guide plate 1 while undergoing 
total reflection within the light guide plate and exits from an 
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exit plane 1b, to thus entera group of optical sheets 4 disposed 
opposite the exit plane 1b. The light which exhibits uniform 
brightness after having been gathered and diffused by the 
group of optical sheets 4-enters a display element 5 dis 
posed opposite an outgoing plane 4b of this group of optical 
sheets 4. The light traveling toward the rear plane 1c that is 
opposite the exit plane 1b of the light guide plate 1 is again 
caused to travel toward the light guide plate 1, or a reflection 
sheet 6 for reflecting light is provided on side planes 1d which 
are not provided with the lamps 2, thereby causing the exited 
light to again travel toward the light guide plate 1. A rear 
frame 7 having opening sections is provided on the back of the 
reflection sheet 6, to thus house the light guide plate 1, the 
lamps 2, the lamp reflector 3, and the group of optical sheets 
4. A middle frame 8 is provided on an exit plane of the group 
of optical sheets 4, thereby forming a planar light Source 10. 
A display element 5 is provided on this planar light source 10 
and fastened with a front frame 9, whereby a display device 
12 can be assembled. 
The layout of the lamps 2 of the present embodiment will 

now be described in detail. In FIGS. 1 and 2, the lamps 2 are 
disposed in a number of three substantially in parallel with 
each other along the incidence plane 1a that is one side plane 
of the light guide plate 1. Of the three lamps 2 (2a to 2c), two 
lamps are arranged in close proximity to the exit plane 1b of 
the light guide plate 1, and one lamp is disposed away from 
the exit plane 1b. More specifically, the first lamp 2a is placed 
while being kept away from the exit plane 1b at a given 
interval, and the second lamp 2b is placed while being kept 
away from the rear plane 1c at a given interval. The third lamp 
2c is placed while being separated away from the incidence 
plane 1c of the light guide plate 1. The three lamps 2a to 2c are 
placed while being kept away from each other at a given 
interval, so as to form a substantially triangular cross-sec 
tional shape. The lamps 2 are fixed by positioning rubber 
holders 11 at both ends of the respective lamps 2. When an 
interval L1 (the minimum distance from the center of one 
lamp 2 to the center of the other lamp 2 which will be here 
inafter called a “lamp pitch') between the lamps 2 is too 
Small, temperatures of the respective lamps increase, which in 
turn results in a decrease in luminous efficiency. However, 
when the lamp pitch is too large, the temperatures of the 
lamps 2 do not increase, which in turn leads to a decrease in 
luminous efficiency. The reasons for this are that the tempera 
tures of the lamps 2 increase at the time of illumination and 
that, when the lamps 2 are illuminated within an optimum 
temperature range, the luminous efficiency of the lamps 2 can 
be maintained at the maximum level. FIG. 4 shows a graph 
plotting a relationship between the lamp pitch L1 and the 
brightness of the lamps 2 achieved when the lamps 2 of the 
first embodiment are used. As shown in FIG. 4, when the 
lamps are arranged such that the lamp pitch L1 ranges from 4 
mm to 12 mm, there is a range where the temperatures of the 
lamps become optimum. When the lamp pitch L1 is set to 10 
mm or more, it may be the case where an increase arises in the 
thickness of the planar light source 10 or where narrowing of 
a frame cannot beachieved. Therefore, it is better to place the 
lamps 2 such that the lamp pitch L1 falls within a range from 
5 mm to 10 mm, whereupon the luminous efficiency of the 
lamps 2 can be maintained at the highest level. Hence, the 
brightness of the planar light source 12 can be enhanced. 
Now, a lamp having a gas pressure of 60 to 100 Torr, an argon 
ratio of 3% to 10% in an argon-to-neon ratio, and an inner 
diameter of d 1.8 to 2.4 is assumed to be used as the lamps 2 
adopted in the first embodiment. 
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4 
Next, the lamp reflector 3 will be described in detail. As 

shown in FIG. 2, the lamp reflector 3 is formed from a mate 
rial exhibiting high thermal conductivity, Such as metal. A 
high-reflectance plastic sheet which reflects light to a plane 
opposing the lamp 2 is affixed to the lamp reflector 3. The 
lamp reflector 3 is configured so as to cover all of the three 
lamps 2 arranged along the incidence plane 1a that is one side 
plane. The lamp reflector 3 is also formed continuously so as 
to enclose the respective three lamps 2 and assume a Substan 
tially convex cross-sectional shape. A more detailed explana 
tion is provided. FIG. 3 shows an enlarged view of the prin 
cipal section of the lamp reflector 3. In FIG. 3, in connection 
with the first lamp 2a and the second lamp 2b, the substan 
tially C-shaped lamp reflector 3 has a parallel plane 3b sub 
stantially parallel to the exit plane 1b of the light guide plate 
1 (or the rear plane 1c) and a vertical plane 3c substantially 
perpendicular to the exit plane 1b (or the rear plane 1c). The 
parallel plane 3b and the vertical plane 3c are connected 
together by means of a curved plane 3d. In connection with 
the third lamp 2c, the lamp reflector 3 has two planes 3b 
parallel to the exit plane 1b, the plane 3c perpendicular to the 
exit plane 1b, and curved surfaces 3d connecting the planes 3b 
to the plane 3c. The third lamp 2c is covered with the lamp 
reflector 3 having a substantially C-shaped form. These 
planes are formed continuously by means of indentations 3a 
so as to cover all of the first lamp 2a to the third lamp 2c, 
thereby assuming a Substantially convex shape. The parallel 
plane 3b and the vertical plane 3c may also have a slope or a 
curved surface and the plane 3d Serving as a connection plane 
may not be a curved Surface, so long as the shape formed from 
these planes covers the lamps 2. 

In FIGS. 1 through 3, the heat developing from the lamps 2 
can be dissipated more efficiently as a distance L2-over 
which the lamps 2 and the lamp reflector 3 come close to each 
other—becomes Smaller. However, the minimum thickness 
that is a limitation on molding of the rubber holders 11 fixedly 
Supporting the lamps 2 requires 0.4 mm or more at a position 
between the lamps 2 and the lamp reflector 3. Accordingly, 
the lamp reflector is formed such that the shortest distance L2 
over which the lamps 2 and the lamp reflector 3 come close to 
each other ranges from 0.4 mm to 1 mm. In order to attain the 
highest heat dissipation effect, it is better to set the distance 
L2 to 0.8 mm or less. So long as at least the distance L2 
between the parallel plane 3b of the lamp reflector 3 and the 
lamps 2 or the distance L2 between the perpendicular plane 3c 
of the lamp reflector 3 and the lamps 2 ranges from 0.4 mm to 
0.6 mm, the heat of the lamps 2 can be dissipated efficiently. 

In FIGS. 2 and 3, when the plurality of lamps 2 are 
arranged, there exist the influence of the heat developing from 
the lamps 2 and the influence of variations in leakage currents 
from the lamps 2 resulting from use of the metal lamp reflec 
tor3. The leakage currents increase in proportion to a distance 
and an area over which the lamps 2 and the lamp reflector 3 
come close to each other. Hence, when the distance and the 
area over which the lamps 2 and the lamp reflector 3 come 
close to each other are not constant, it may be the case where 
variations arise in leakage currents and where variations arise 
in brightness and longevities of the respective lamps 2. For 
these reasons, as shown in FIG. 3, the lamp 2 and a proximal 
section 3f of the lamp reflector 3 are set as follows. 
The distance L3 between the third lamp 2c and the lamp 

reflector 3, except the proximal section 3f, is set to 1 mm or 
more which is a distance at which the leakage currents 
decrease, in Such a way that the area of the proximal section 
3f where there is achieved a constant distance L2 over 
which the first lamp 2a, the second lamp 2b, and the lamp 
reflector 3 come close to each other—and the area of the 
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proximal section 3f where there is achieved a constant dis 
tance L2 over which the third lamp 2c and the lamp reflector 
3 come close to each other—become Substantially constant. 
In the first embodiment, the lamps 2 and the lamp reflector 3 
are arranged in Such a way that a substantially constant space 
exists between the respective lamps 2 and the proximal sec 
tions3f of the lamp reflector 3. Such a layout makes it possible 
to render constant variations in the leakage currents develop 
ing from the respective lamps 2. Brightness levels of the 
respective lamps 2 can be made constant, and variations in the 
longevities of the respective lamps can be reduced, to thus 
enable achievement of constant longevities. 
As described above, in the presently preferred embodiment 

of the present invention, the three lamps 2 are arranged while 
being spaced apart from each other at a given interval. Two 
lamps are arranged in close proximity to the incidence plane 
1a that is one side plane of the light guide plate 1, and one 
lamp is arranged away from the incidence plane 1a which is 
one side plane of the light guide—with respect to the two 
lamps. The lamp reflector 3 is formed continuously so as to 
become close to and Surround the three lamps 2 and assume a 
Substantially convex cross-sectional shape. Accordingly, the 
heat developing from the lamps 2 can be dissipated effi 
ciently, and the lamps 2 can be maintained at an optimum 
temperature, whereby high luminous efficiency can be main 
tained. Therefore, the brightness of the planar light source 10 
can be enhanced. Further, the display element disposed above 
the planar light source can be protected from the influence of 
heat. 

The lamp pitch L1 is set so as to fall within a range from 5 
mm to 10 mm, whereby the temperature of the lamps 2 can be 
adjusted so as to fall within an optimum range. Hence, a 
high-brightness planar light source can be provided. More 
over, the minimum distance between the respective lamps 2 
and the lamp reflector 3 is set so as to fall within a range from 
0.4 mm to 1 mm, thereby enhancing the effect of dissipation 
of heat from the lamps 2. Furthermore, a layout is determined 
in such a way that the area of the proximal section 3f, where 
there is achieved a constant distance L2 over which the lamps 
and the metal lamp reflector 3 come close to each other— 
becomes constant, thereby rendering the leakage currents 
uniform and reducing variations in the brightness of the 
respective lamps 2. Variations in the longevities of the respec 
tive lamps 2 can also be reduced. 
As shown in FIG. 2, the lamp reflector 3 is formed in such 

a way that the lamp reflector contacts portions of the metal 
rear frame 7, thereby enabling dissipation of the heat devel 
oping from the lamps 2 to the rear frame 7 by way of the lamp 
reflector 3. Since accumulation of heat in the lamp reflector 3 
can be prevented, an increase in the temperature of the display 
element 5, which would otherwise be caused by transfer of 
heat from the planar light source 10, can be prevented. 
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What is claimed is: 
1. A planar light Source comprising: 
(a) a light guide plate for guiding light to exit from an exit 

plane of the light guide plate; 
(b) three lamps arranged along one side plane of the light 

guide plate: 
(c) a lamp reflector which is formed so as to cover the three 

lamps and which guides light emitted from the three 
lamps toward the one side plane of the light guide plate, 

wherein: 
(d) the three lamps are arranged while being kept away 

from each other at predetermined intervals: 
(e) two of the three lamps are arranged in close proximity 

to the one side plane of the light guide plate; 
(f) a distance between centers of the two lamps in a direc 

tion parallel to the one side plane of the light guide plate 
is L1; 

(g) the third lamp is arranged farther away from the one 
side plane of the light guide plate than the two lamps and 
between the two lamps in the direction parallel to the one 
side plane of the light guide plate; 

(h) the lamp reflector is continually formed so as to become 
close to the three lamps and Surround the respective 
three lamps; 

(i) the lamp reflector has a Substantially convex cross 
sectional shape that forms three vertical planes, each 
Vertical plane adjacent a different lamp; 

(j) the three lamps are spaced away from their respective 
plane in the direction perpendicular to the one side plane 
of the light guide plate by a distance of L2; 

(k) the third lamp is spaced under a first horizontal plane of 
the lamp reflector in the direction parallel to the one side 
plane of the light guide plate by distance L3, 

wherein L1>L3>L2; and 
(1) the third lamp is spaced above a second horizontal plane 

of the lamp reflector in the direction parallel to the one 
side plane of the light guide plate at a distance less than 
L3. 

2. The planar light source according to claim 1, 
wherein the predetermined interval among the three lamps 

is determined such that a distance from the center of one 
lamp to the center of another lamp falls within a range 
from 5 mm to 10 mm. 

3. The planar light source according to claim 1, 
wherein a minimum distance between the three lamps and 

the lamp reflector falls within a range from 0.4 mm to 1 
. 

4. A display device comprising: 
the planar light source defined in claim 1; and 
a display element placed on the planar light source. 

k k k k k 


